A two point correlation analysis is used to search for inhomogeneities in the arrival directions of the high energy muon neutrino candidates detected by the ANTARES neutrino telescope. This approach is complementary to a point source likelihood-based search, which is mainly sensitive to point like sources and not to collective effects. We present the results of a search based on this two-point correlation method performed on ANTARES 2007-2012 data, providing constraints on models of a population of point sources too faint to be detected by the searches for point like sources.
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Introduction
The origin of cosmic rays (CR) is still an open question that can only be addressed by identifying their sources and the physical mechanisms by which they are accelerated up to energies of the order of ∼ 10 20 eV. The magnetic fields in the galactic and intergalactic space deflect the CRs during their propagation, making it difficult to resolve their source's positions by measuring their arrival direction. Neutrinos are believed to be produced in hadronic processes in the CR accelerators. The fact that they are electrically neutral and weakly interacting particles make of neutrinos good candidates to determine unambiguously the position of the CR accelerators.
Neutrino telescopes aim at detecting the Cherenkov light emitted by charged leptons resulting from the interaction of astrophysical neutrinos with the matter surrounding the instrumented volume. The good angular resolution (below 0.5 o ) achieved with the ANTARES neutrino telescope for muon tracks allows for the search of small scale anisotropies (eg point sources) as well as large scale structures. In the following a model independent search is presented based on a modified two point correlation function. The results are interpreted in terms of upper limits on the population of unresolved point-like sources.
Motivation
The interaction of high energy cosmic rays with the Earth's atmosphere induces air showers in which among other particles, muons and neutrinos are present. These so called atmospheric muons and atmospheric neutrinos constitute the two main sources of background for the ANTARES detector. Given that the Earth is opaque to all particles with the exception of neutrinos, because they interact weakly with matter, the atmospheric muon background can be reduced by selecting only those events that are reconstructed with an upwards direction with respect to the ANTARES neutrino telescope. Nevertheless, some muon tracks coming from above can be reconstructed as up going. The amount of wrongly reconstructed muons can be reduced by means of quality cuts in the muon tracks reconstruction parameters.
Atmospheric neutrinos can traverse the Earth and produce muon tracks that will remain as an irreducible source of background.
The challenge of the statistical analyses carried out within the ANTARES collaboration is to unmask those events with astrophysical origin, hidden within a background dominated ensemble of isotropically reconstructed events. One way of looking for an astrophysical signal, is to look for clustering in the arrival directions of the reconstructed events. The autocorrelation analysis is a way of looking for spatial clustering in discrete data ensembles. An improved autocorrelation analysis was presented in [2] and applied to the neutrino candidates detected by the ANTARES neutrino telescope during its first three years of data taking. In the present analysis the method is applied to five years of data and used to search for a signal coming from sources that are too faint to be detected by other statistical analyses such as the ones relying on a likelihood-based method [3] . In absence of such a signal we will set upper limits on the neutrino fluxes.
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The autocorrelation analysis 2.1 The method
The autocorrelation analysis allows to find inhomogeneities within a discrete data set by studying the two point correlation distribution, which is defined as the distribution of the number of pairs of events as a function of their mutual angular distance ∆Ω. As it was shown in [2] and [4] , weights based on some energy estimatorĒ can be applied to the events in order to discriminate between astrophysical neutrinos, which dominate at lower energies, and cosmic neutrinos, which spectral distribution in energy is harder. This behaviour is shown in fig.1 for simulated events.
Formally, the cumulative autocorrelation distribution can be defined as
where H is the Heaviside step function and ω i j = ω i · ω j are weights assigned to the couple of events i and j. Each of the individual weights ω i is defined as
is the normalized distribution of the energy estimator, which can be obtained from Monte Carlo simulations. As it is shown in [2] , the selected choice for the energy estimator is the number of hits used in the event reconstruction, n hit . Figure (1) shows a comparison between the n hit distribution for atmospheric and astrophysical neutrinos. A comparison of the autocorrelation function resulting from measured events with the one corresponding to an isotropic sample will allow to detect possible clusters of events if a significant excess with respect to the isotropy is present in the data.
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The ANTARES data set
For the present analysis, a data set recorded by the ANTARES neutrino telescope between 2007 and 2012 has been used. The sample contains 5243 neutrino candidates that satisfy selection criteria optimized in order to obtain the best average upper limit on the flux of neutrino coming from point like sources and extends the dataset of the previous analysis [2] by about 50%. These selection criteria consist in a cut on the reconstructed zenith angle θ > 90, a cut on the angular uncertainty in the track reconstruction β < 1, and a cut on the reconstruction quality parameter
The reference autocorrelation distribution
The reference autocorrelation distribution has been built as the average of the autocorrelation distributions derived from about 10 4 isotropic data sets. Each of them was obtained by keeping the local coordinates of one neutrino candidate, but assigning it a time randomly selected from another event. This process allows to build an isotropic sky map with the same coverage as the original data set, and in which the non uniformity in the data taking conditions is taken on account. Fig.2 shows the cumulative autocorrelation distributions described in section 2.1. The statistical comparison between both distributions is based on an hypothesis test in which the test statistics (TS) will be given by the maximum of a quantity computed for each angular scale, that measures the difference between both distributions:
Statistical comparison between the data and the reference distributions
where σ denotes the standard deviation for the isotropic distribution with respect to its mean. A distribution of the test statistics for background like ensembles will be built by comparing the autocorrelation distribution of about 10 4 randomized sky maps with the isotropic one. This distribution will be used to compute the p-value as the probability of finding in a background like ensemble, the same value for the test statistics or a higher one than the corresponding to the data.
Performance and sensitivity of the method
The detection power of the autocorrelation method has been previously tested with background sky maps in which some of the events had been substituted by signal events that would have come from a single point source [2] . The results, showed that a dedicated point source search analysis is slightly more efficient in the detection of single point sources than the autocorrelation method, but outperforms it as soon as more than one source is present. Here the detection power of this method is studied using signal coming from populations of point sources that are too faint to be detected by the dedicated point source search.
Model for sky maps with signal
In background like sky maps produced as described in section 2.3, a certain proportion of events has been removed from their positions and substituted by signal like events distributed in a
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between some limits S min and S max , where S is a dimensionless quantity corresponding to the integrated mean luminosity expressed in number of detected neutrinos. S max has been fixed to the faintest point source compatible with the limit set by the search for point sources with ANTARES data [3] , and S min is a free parameter bounded above by S max , which will characterize a source population. The luminosity function can be considered as a proxy of the power of the sources. Although the luminosity function for neutrino sources is unknown, one can assume that it follows the same general rules as the luminosity functions in x-rays or gamma rays. We can thus rely on known populations of point sources to choose the range of γ. Studies of galactic type sources like lowmass X-ray binaries in Centaurus A [6] [7] or in the Milky Way [9] yield a typical spectral index below 2.0, and Fermi LAT studies show that the gamma ray luminosity function of AGNs is well described by a power law with γ ∼ 2.2 [8] .
Therefore a signal sky map is characterized by the couple of parameters, (γ, S min ) and the proportion of injected signal events. γ characterizes the type of objects that constitute the population. It drives the relative contributions of the different source luminosities to the total flux. For a given average detected flux, populations characterized by higher values of γ will consist in a higher number of less luminous sources. S min , independently of the type of sources, will characterize their effective average minimal detectable luminosity within the population. We will test the parameter space 1.8 < γ < 2.3, and 0.025 < S min < 1.
The energy estimator of the signal events is generated from Monte Carlo simulations assuming that the signal events follow an E −2 spectrum. Figure 3 shows an example of a sky map where the 0.5% of the background events have been replaced by events coming from sources distributed with a spectral index of γ = 1.9 and S min = 0.025
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Discovery potential of a population of unresolved point sources
Following the autocorrelation method described in section 2.1, sky maps characterized by different couples (γ, S min ) can be analysed to determine the cumulative diffuse flux of cosmic neutrinos coming from populations of unresolved point sources that would be detected at a 3σ significance with a 90% probability. As the neutrino luminosity function for different kinds of sources is unknown, the spectral index was assumed to lay within the same range as the spectral index for the luminosity function in x-rays or in gamma rays for different kinds of sources [5] . The discovery potential as a function of the spectral index γ and S min under the above conditions is shown in fig.4 
Results and Discussion
The autocorrelation method has been applied to the 5243 events measured by ANTARES from 2007 to 2012 and the result has been compared to the one expected from a purely isotropic sample. The comparison, showed that the largest difference between the distributions corresponds to an excess of the ANTARES neutrino candidates with respect to the isotropic ensemble, at scales < 0.5 o . The statistical analysis leads to the conclusion that this corresponds to a ∼ 2.3σ excess. In previous point source search analyses [2] [3] a 2.2 σ excess was found around (α,δ ) = (313.20,-64.90). Removing events closer than 0.5 o from this point reduces the significance of the observed excess in the current analysis to 2.15 σ , and therefore we can conclude that they are not responsible for the observed deviation with respect to the background.
We thus set upper limits on the cumulative diffuse flux of the model of unresolved point sources population presented above, as a function of the spectral index γ and S min , which are presented in figure 5 . As expected from the definitions in section 2.5.1, the constraints are stronger for increasing S min . One can also see that populations of sources with low values of γ (similar to high energy galactic type sources as x-ray binaries) are more strongly constrained. These results, in addition and independently of the high visibility of the galactic region, confirm the latter as a favoured subject of study for the ANTARES neutrino telescope.
Summary
The detection of astrophysical neutrinos would provide fundamental information about the location of CR sources. This is the aim of the ANTARES neutrino telescope. In this analysis an improved autocorrelation method was applied in order to search for clustering in the directions of the reconstructed neutrino candidates but not significant deviation from background was found. Upper limits for a neutrino flux coming from a population of point sources characterized by a two parameter model were set.
